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METHOD AND SYSTEM FOR GENERATION 
OF POWER USING STIRLING ENGINE 

PRINCIPLES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation-in-part applica 
tion of, and claims priority to, co-pending US. patent 
application (“Co-pending patent application”), Ser. No. 
10/963,274, entitled “Method and System for Generation of 
Electrical and Mechanical PoWer using Stirling Engine 
Principles,” ?led on Oct. 12, 2004, bearing Attorney Docket 
No. M-15504 US. The Co-pending patent application is 
hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to applying Stirling engine 

principles to poWer conversion equipment design and use. In 
particular, the present invention relates to applying Stirling 
engine principles for poWer generation, such as generating 
mechanical-poWer. 

2. Discussion of the Related Art 
The Stirling engine is a heat engine that operates by 

converting the heat energy Which ?oWs betWeen Zones of 
different temperatures into useful Work. A typical Stirling 
engine uses the heat energy to drive a coordinated and 
reciprocating motion of a set of pistons. The motion of the 
pistons drives machinery or a generator. Alternatively, heat 
engines having rotary motion are also known. Numerous 
designs of Stirling engines having rotary motion can be 
found in the prior art, including: US. Pat. Nos. 6,195,992, 
3,984,981, and 5,325,671. 

In the prior art, moving parts for the Stirling engine 
operation are enclosed in a housing and coupled mechani 
cally (e.g., by an axle) to external parts to drive external 
machinery. High e?iciency in such an arrangement requires 
that the housing be sealed in an airtight fashion. A seal 
failure leads to the failure of the engine. 

SUMMARY 

The present invention provides a method and a rotary 
engine based on Stirling engine principles. According to one 
embodiment of the present invention, the housing of the 
rotary engine rotates as a result of ?uid ?oW betWeen tWo 
Zones of different temperatures Within a chamber in the 
housing. The torque in the rotary motion of the housing, 
therefore, may be used to drive machinery (e. g., a generator) 
through an axle coupled externally to the housing. Under 
this arrangement, unlike the prior art, a rotary engine of the 
present invention is not susceptible to failure due to a leak 
in the sealing of the housing. 

According to one embodiment of the present invention, 
the hot Zone of the chamber is heated by energy from a heat 
source, and a cooling system maintains the cold Zone at a 
loWer temperature than the hot Zone. The cooling ?uid may 
be draWn from a stationary external reservoir of cooling 
?uid. In one embodiment, the rotary motion of the housing 
may be used to draW the cooling ?uid. In that embodiment, 
the volume of cooling ?uid draWn into the rotary engine 
depends on the angular speed of the rotary motion Which, in 
turn, may be determined by poWer output of the rotary 
engine. A self-regulating cooling system may therefore be 
achieved. A structure used to reinforce the housing at the 
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point Where the external axle is to be attached may include 
a threaded passage. In that embodiment, the rotating 
threaded passage forces the cooling ?uid into the housing, 
through passages distributed around the cold Zone (e.g., the 
insulation layer abutting the cold Zone, the ?uid guide 
structure or the area betWeen the cold Zone and the housing) 
so as to maintain the cold Zone to Within a desired tempera 

ture range. 
A turbine in a rotary engine according to the present 

invention may be located in any suitable location on the 
interior surface of the housing hot Zone or the cold Zone, but 
is coupled to the housing to provide the housing rotary 
motion and is not required to directly drive an axle to 
provide the output poWer of the rotary engine. The chamber 
of the rotary engine may be ?lled With a compressible 
Working ?uid (e.g., air). Fluid guides may be provided 
Within the chamber for guiding the ?oW of the compressible 
Working ?uid in preferred directions and ?oW speeds to 
provide higher e?iciency. The ?uid guides may also provide 
structural or mechanical support for the chamber. 

In one embodiment, a one-Way valve may be provided 
betWeen the hot Zone and the cold Zone prevents a Working 
?uid in the hot Zone to back?oW into the cold Zone. 

In another embodiment, a metal mesh is provided in the 
hot Zone to increase e?iciency of heat transfer from the heat 
source to the hot Zone. A heat storage structure can also be 
provided to minimiZe the impact of a ?uctuating heat source 
on the poWer output of the rotary engine. A high speci?c heat 
capacity ?uid can be used in the heat storage structure. In 
one embodiment, a conductive plate is urged by springs 
loaded to contact the hot Zone after predetermined operation 
conditions (e.g., a predetermined temperature) are reached. 
The present invention is better understood upon consid 

eration of the detailed description beloW and the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a cross section vieW of heat engine 100 With 
cooling reservoir 107, in accordance With one embodiment 
of the present invention. 

FIG. 2 shoWs heat engine 100 With cooling reservoir 107 
in an isometric exploded side vieW. 

FIG. 3 shoWs heat engine 100 in a “bloWn-up” perspective 
vieW. 

FIG. 4 is a top vieW of hot Zone 110a underneath top plate 
101a. 

FIG. 5 shoWs rotary structure 111 of FIGS. 1 and 2 in 
greater detail. 

FIG. 6 is a top vieW shoWing spiral passages 601 and 602 
in the portion of insulator layer 104 abutting cold Zone 1101). 

FIG. 7 shoWs a cross section vieW of heat reservoir 701, 
in accordance With one embodiment of the present inven 
tion. 

FIG. 8 is a cross section vieW shoWing the Working ?uid 
circulation paths in the interior of housing 101. 

To facilitate cross-reference among the ?gures and to 
simplify the detailed description beloW, like elements in the 
?gures are assigned like reference numerals. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention provides a heat engine that operates 
under Stirling engine principles to convert heat energy from 
a heat source into mechanical energy. The mechanical 
energy can be coupled to drive machinery and generators to 
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perform useful Work. Examples of a suitable heat source 
include solar, geothermal, fossil, land?ll, recovered or other 
fuels. 

FIG. 1 shoWs a cross section vieW of heat engine 100, 
including cooling ?uid reservoir 107, according to one 
embodiment of the present invention. As shoWn in FIG. 1, 
heat engine 100 includes a chamber 110 enclosed in an 
enclosure or housing 101. During operation, When a heat 
source is provided incident on top surface 10111 of housing 
101, a temperature difference exists betWeen a “hot Zone” 
110a and a “cold Zone” 1101) Within chamber 110. The 
present invention exploits this temperature difference to 
cause housing 101 to rotate about the axis indicated by “Y” 
in a manner described beloW. The rotary motion turns axle 
109, Which may be used to drive the motion of an external 
mechanical device. According to one embodiment of the 
present invention, axle 109 is partly ensheathed in rotary 
structure 111 and extends beyond cooling reservoir 107. 
Axle 109 is coupled With rotary structure 111 in rotational 
motion. Alternatively, axle 109 may also be connected to top 
plate 10111 of housing 101. 

In the embodiment shoWn in FIG. 1, a cooling mechanism 
is provided to maintain the temperature difference betWeen 
hot Zone 110a and cold Zone 1101). This temperature differ 
ence drives the rotary motion of housing 101, thus providing 
output poWer. The cooling mechanism includes cooling 
reservoir 107 containing a cooling ?uid, Which is circulated 
betWeen cooling reservoir 107, cold Zone 110b, space 508 
and insulator layer 104 to maintain or to increase the 
temperature difference betWeen cold Zone 1101) and hot Zone 
11011. A reservoir cover 115 is provided betWeen housing 
101 and cooling reservoir 107 to prevent spilling and 
excessive evaporation of the cooling ?uid. In this detailed 
description, the terms “hot” and “cold” are relative. Heat 
engine 100 Will operate as long as there is a su?icient 
temperature difference betWeen the hot Zone 110a and the 
cold Zone 1101). 

The elements enclosed Within housing 101 is better illus 
trated in conjunction With FIGS. 2 and 3 Which shoW, 
respectively, heat engine 100 in a “isometric exploded” side 
vieW and an “isometric exploded” perspective vieW. The 
outer side Wall of housing 101 is omitted in FIGS. 2 and 3, 
so as to alloW the internal construction of heat engine 100 
Within chamber 110 to be shoWn. As shoWn in FIGS. 1, 2 and 
3, top plate 101a and bottom plate 101!) are, respectively, the 
top outer Wall and the bottom outer Wall of housing 101. In 
this embodiment, a heat source (e.g., solar energy) is inci 
dent on top plate 10111. As described beloW, the cooling ?uid 
of cooling reservoir 107 maintains the region betWeen 
insulator layer 104 and bottom plate 101!) to a loWer 
temperature. The combined action of the heat source and the 
cooling ?uid creates hot Zone 110a and cold Zone 110b, as 
indicated in FIGS. 1, 2 and 3. In this embodiment, the cold 
Zone 1101) is separated from bottom plate 101!) by a disk 
108, to create a space 508 betWeen disk 108 and bottom plate 
101!) in Which the cooling ?uid may ?oW, so as to achieve 
temperature regulation. (In this description, the upper and 
loWer portions of FIG. 2 are labeled “top” and “bottom”, 
respectively, merely to facilitate reference in this detailed 
description. The operation of a heat engine of the present 
invention is not limited by its physical orientation.) In FIGS. 
2 and 3, heat engine 100 is shoWn in “exploded” vieWs in the 
sense that the separations betWeen elements of heat engine 
100 are exaggerated in the vertical direction for illustration 
purpose. 

Hot Zone 110a and cold Zone 1101) are insulated from each 
other by insulator layer 104, Which is described in further 
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4 
detail beloW. Suitably placed support structures may be 
provided throughout hot Zone 110a and cold Zone 1101) for 
mechanical support inside housing 101. Such support struc 
tures may include, for example, posts, stakes, beams and 
poles. Thermionic and thermocouple devices may be pro 
vided Within insulator layer 104 as Well. Such devices may 
be used to provide poWer output, as discussed in the Co 
pending patent application incorporated by reference above. 
In this embodiment, a separator structure 105 is further 
interposed betWeen hot Zone 110a and insulator layer 104. 
Fluid ?oWs betWeen hot Zone 110a and cold Zone 1101) 
through central open shaft 113 and space 121. Space 121 
includes all space betWeen ?uid guide structure 106, sepa 
rator structure 105, insulator layer 104, rotary structure 111, 
and outer Wall of housing 101. Separator structure 105 is an 
optional storage structure, Which is described in further 
detail beloW. Chamber 110 is ?lled With a compressible 
Working ?uid, Which may be air, another ?uid or a mixture 
of ?uids to achieve desired ?uid densities, and mechanical 
and thermal properties. The Working ?uid may be pressur 
iZed. 

Heat engine 100 harvests the heat energy received by a 
turbine structure Which may be located on the surface of the 
interior Wall of housing 101. The turbine structure may be 
located at any suitable location Where a torque can be 
generated for the desired rotary motion of housing 101. Such 
a location may include, for example, Within space 121, hot 
Zone 110a and cold Zone 1101). The turbine structure may 
also be built into the interior Wall of housing 101. The 
turbine structure may include one or more sets of ?uid 

guides or blades, Which are designed to guide the Working 
?uid, to control the Working ?uid velocity and pressure, and 
to create the torque for the rotary motion, so as to extract the 
maximum surging poWer from the expansion and the com 
pression of the Working ?uid. Each ?uid guide preferably 
maintains a predetermined angle relative to the Working 
?uid during rotation of housing 101. The turbine structure 
may be any suitable siZe or materials, depending on the 
application of the heat engine 100. 

According to one embodiment of the present invention, 
heat engine 100 includes a turbine structure, referred herein 
as ?uid guide structure 106, in hot Zone 110a. FIG. 4 is a top 
vieW of hot Zone 110a underneath top plate 10111. As shoWn 
in FIG. 4, heat engine 100 includes ?uid guide structure 106, 
Which includes plate 401, a ?rst set of ?uid guides 114 
numbering from 114-1 to 114-m and a second set of ?uid 
guides 112 numbering from 112-1 to 112-n, Where n and m 
are integers. Fluid guides 112 and 114 are designed to Work 
cooperatively and function as extra thermal transfer surfaces 
as a heat source or heat sink. Fluid guides 112 and 114 may 
be any suitable siZe or materials, depending on the applica 
tion of the heat engine 100. Fluid guides 112-1 to 112-n are 
attached to housing 101 and are generally arranged around 
the periphery of plate 401. Fluid guides 112 may also be 
attached to plate 401. In one embodiment, each ?uid guide 
is provided a rounded contour, such that one side of the ?uid 
guide may have a larger cross-section than the other, thereby 
creating a torque that provides the rotary motion of housing 
101. As discussed above, ?uid guides 112-1 to 112-n are 
designed to maintain a predetermined angle relative to the 
Working ?uid ?oW direction in the immediate vicinity of 
each of ?uid guides 112. During operation, as heat builds up 
in hot Zone 11011, the expanding Working ?uid in hot Zone 
110a pushes against ?uid guide set 112 to create a torque to 
cause housing 101 to rotate. The Working ?uid in hot Zone 
110a ?oWs radially outWards from space above open shaft 
113, and into cold Zone 1101) through annular space 121. One 
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example of using ?uid guides 112 of ?uid guide structure 
106 With an axle to form a turbine is disclosed in the 
Co-pending patent application incorporated by reference 
above. The torque created by the rotating ?uid guide struc 
ture 106 is transmitted to the rotary structure 111 (and thus 
axle 109) through the outer Wall of housing 101, such that 
housing 101 rotates integrally With ?uid guide structure 106. 
The asymmetrical surface areas on each of ?uid guides 112 
are not necessary, but may provide some advantage in some 
application, such as ease in starting up With motion in a 
predetermined direction. Fluid guides 112 provide a large 
surface area for heat transfer. Thus, heat engine 100 has a 
high surface to volume ratio to enhance e?iciency. Fluid 
guides 112-1 to 112-n can also be used as ?uid guides to 
control the Working ?uid ?oW at a preferred angle, so as to 
maximize torque generation. 

Fluid guides 114-1 to 114-m guide the Working ?uid in a 
preferred angle toWards the ?uid guides 112 to achieve a 
preferred rotational force. Fluid guides 114-1 to 114-m may 
be formed as support structure to provide support betWeen 
top plate 101a and separator structure 105. Fluid guides 
114-1 and 114-m are designed to accommodate the design of 
?uid guides 112. Although not shoWn in this embodiment, a 
similar ?uid guide structure With corresponding sets of ?uid 
guides may also be provided in cold Zone 1101) to shape the 
return path of the Working ?uid. Alternatively, the ?uid 
guide structure in cold Zone 1101) may be provided in a 
different con?guration (e.g., a different material, differently 
shaped ?uid guides, performing different functions) to 
achieve different design objectives. Fluid guide 114-1 to 
114-m may be shaped and used as blades to help the turbine 
structure creating torque for housing 101 to rotate in a 
predetermined direction. Fluid guide structure 106 may be 
considered as part of the turbine structure. 
When a substantial temperature difference in temperature 

exists betWeen hot Zone 110a and cold Zone 110b, a circu 
lation of the Working ?uid, indicated by ?oW lines 122 in 
FIG. 1, is established. In this circulation, the Working ?uid 
?oWs radially outWards in hot Zone 110a, enters cold Zone 
1101) through space 121, ?oWs radially inWards into cold 
Zone 1101) and returns to hot Zone through open shaft 113. 
A heating mesh may be provided in hot Zone 110!) above the 
vicinity of open shaft 113, so as to increase the surface area 
over Which the Working ?uid may be heated, thereby 
improving heating of Working ?uid e?iciency. Heat may be 
concentrated and directed in hot Zone 10111 to the heating 
mesh. This heating mesh can also function as the contact 
point betWeen external heat source and the heat reservoir 
701 in separator structure 105. In this process, the relatively 
hot Working ?uid in hot Zone 110a expands and ?oWs into 
the cold Zone 110b, Where it is cooled and compressed. A 
one-Way valve may be provided in open shaft 113 betWeen 
hot Zone 110a and cold Zone 1101) to prevent back ?oW of 
the Working ?uid from hot Zone 110a into cold Zone 1101). 
FIG. 8, Which is a cross section vieW of heat engine 100, 
shoWs the Working ?uid circulation paths through ?uid 
guide structure 106. As shoWn in FIG. 8, one-Way valve 801 
is provided in open shaft 113 betWeen hot Zone 110a and 
cold Zone 1101) to prevent back ?oW of the Working ?uid 
from hot Zone 110a into cold Zone 1101). 
As can be seen from the above, the system of ?uid guides 

in the embodiments described above perform multiple tasks. 
For example, each ?uid guide may be structurally attached 
to one or more Walls of ?uid guide structure 106, rotary 
structure 111, insulator layer 104 and separator structure 
105. Multiple channels, passages or conduits for the Working 
?uid ?oW Within housing 101 are formed. The structures of 
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6 
the ?uid guides can be used to affect the mechanical param 
eters1 of heat engine 100, such as the Working ?uid pressure, 
the directions and angles the Working ?uid ?oW and the 
magnitude of the torque causing the rotary motion. The 
design of the ?uid guides therefore improves the poWer 
output of heat engine 100. Altemately, the ?uid guides need 
not attach to any rotary structure 111, insulator layer 104 and 
separator structure 105. In this instance, multiple channels, 
passages or conduits for the Working ?uid ?oW are not 
formed. The resulting design is simpler, has a more even 
heat distribution and a lighter housing. 

Rotary structure 111 is located in the loWer portion of 
open shaft 113 and supports the Weight of housing 101, 
including the various elements of heat engine 100 housed 
Within housing 101. Rotary structure 111 rotates With axle 
109 by receiving the combined torque transmitted from all 
turbine structures or ?uid guide structures Within housing 
101. As mentioned above, the operating temperature differ 
ence betWeen hot Zone 110a and cold Zone 1101) may be 
maintained by a cooling ?uid. In the embodiment shoWn in 
FIGS. 1, 2 and 3, the cooling ?uid is provided from 
stationary cooling reservoir 107. In this embodiment, rotary 
structure 111 facilitates the cooling ?uid uptake. FIG. 5 
shoWs rotary structure 111 of FIGS. 1 and 2 in greater detail. 
As shoWn in FIG. 5, rotary structure 111 has cylindrical 
outer Wall 501, a portion of Which is inserted into cooling 
reservoir 107 through a center opening of reservoir cover 
115 and surrounds cylindrical inner Wall 502 of cooling 
reservoir 107. Cylindrical inner Wall 502 of cooling reser 
voir 107 may extend up to top Wall 504 of rotary structure 
111. Axle 109 may be attached to top Wall 504 of rotary 
structure 111. Rotary structure 111 also serves to reinforce 
bottom plate 101!) of housing 101 to alloW it to bear the load 
of housing 101 and its included elements of heat engine 100. 
Axle 109 is designed to support rotary structure 111 and to 
transmit the rotary motion of housing 101 to the load being 
driven. Rotary structure 111 includes threaded passage 50511 
which opens into cooling reservoir 107. As rotary structure 
111 rotates, it draWs the cooling ?uid up threaded passage 
505a into a chamber 506, Where the cooling ?uid ?oWs into 
space 507, Which distribute the cooling ?uid into spiral 
passages 601 and 602 (FIG. 3) provided in the bottom 
portion of insulator layer 104. The cooling ?uid may also 
over?oW into space 507, Where it is guided into passages 
Within space 508 Which is located betWeen bottom plate 
101!) ofhousing 101 and disk 108 at the bottom side of cold 
Zone 1101). Both the spiral passages in insulator layer 104 
and the passages space 508 under disk 108 returns the 
cooling ?uid to cooling reservoir 107 through an outlet at 
cooling ?uid capture 510. Support elements, such as post, 
Walls or beams may be provided Within space 508 to provide 
support and to channel ?uid ?oW in any desired manner. 
Cooling ?uid capture 510 may include an enclosed conduit 
for channeling the cooling ?uid through reservoir cover 115. 
As housing 101 rotates, the cooling ?uid is circulated to 
maintain the temperature of cold Zone 1101) Without an 
external pump. 
The structure of the cooling system, according to the 

embodiment shoWn in FIG. 5, therefore includes rotary 
structure 111, cooling reservoir 107, reservoir cover 115, 
cooling ?uid capture 510, and heat sinks (not shoWn) Which 
may be provided to dissipate heat from cooling reservoir 
107. Cooling reservoir 107, reservoir cover 115 and cooling 
?uid capture 510 are stationary and can be supported by an 
external structure (not shoWn). Bearings may be provided 
Where contact is made betWeen housing 101 and the Walls of 
cooling reservoir 107. For example, bearings maybe pro 
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vided between bottom plate 101!) of housing 101 and the 
side Walls of cooling ?uid capture 510, betWeen cylindrical 
outer Wall 501 and cylindrical Wall 511 of reservoir cover 
115, betWeen top Wall 504 of rotary structure 111 and 
cylindrical inner Wall of 502 of cooling reservoir 107, and 
betWeen cylindrical inner Wall 502 of cooling reservoir 107 
and the Walls of recess 503 of rotary structure 111. The 
bearings may also be used mechanically support the Weight 
of heat engine 100 and to provide stability during rotation. 
The bearings and the reservoir cover 115 prevent cooling 
?uid spill. Of course, an external structure, other than 
cooling reservoir 107, may be provided to mechanically 
support housing 101. In this embodiment of present inven 
tion, cooling ?uid capture 510 may be enclosed by bearings. 
Other con?gurations for cooling ?uid capture 510 are pos 
sible. 

Insulator layer 104 may be ?lled With a thermally insu 
lating material. FIG. 6 is a top vieW shoWing spiral passages 
601 and 602 for cooling ?uid in the portion of insulator layer 
104 abutting cold Zone 110b, according to one embodiment 
of the present invention. (Although only tWo passages are 
shoWn in FIG. 6, a practical implementation may have 
additional passages, depending on the cooling ?uid ?oW rate 
desired, as discussed beloW). FIG. 6 shoWs the cooling ?uid 
entering passages 601 and 602 at opening 601a and 60211, 
respectively, and passing into conduits at outlets 60119 and 
60219 to return to cooling ?uid capture 510 through passages 
Within ?uid guide structure 106 or through support struc 
tures in cold Zone 1101). To achieve e?fective cooling in cold 
Zone 110b, passages for cooling ?uid may be provided 
betWeen disk 108 and a ?uid guide structure, dedicated 
conduits, passages along or embedded in the support struc 
ture, or a combination of structures in cold Zone 1101). 
Generally, from threaded passage 501, the cooling ?uid may 
?oW radially toWards the periphery and pass into cooling 
?uid capture 510. Many other schemes of distributing the 
cooling ?uid throughout cold Zone 1101) are possible. 
According to one embodiment, support structures may be 
provided throughout insulator layer 104 for mechanical 
support to insulator layer 104. 
The cooling ?uid is preferably a ?uid having a speci?c 

heat capacity much greater than the speci?c heat capacity of 
the Working ?uid. To maintain cold Zone 1101) at the 
preferred temperature, heat in the Working ?uid ?oWing into 
cold Zone 1101) must be dissipated by the cooling ?uid and 
by housing 101. E?iciency of heat dissipation Within hous 
ing 101 depends, for example, by the ability of ?uid guides 
and blades of ?uid guide structure 106 in cold Zone 1101) to 
conduct heat aWay from the Working ?uid they are in contact 
to housing 101. The heat in the Working ?uid in excess of the 
heat dissipated by housing 101 is dissipated by the cooling 
?uid. The angular speed at Which the cylindrical enclosure 
rotates determines the pressure at Which the cooling ?uid is 
draWn into threaded passage 50511 of rotary structure 111 
and, thus the volume of the cooling ?uid ?oWing into cold 
Zone 1101). At higher energy input, the cylindrical enclosure 
rotates at a higher angular speed, thereby draWing a greater 
volume of cooling ?uid per unit time, thus resulting in a 
greater cooling effect to maintain heat engine 100 Within the 
desired operating temperature range. The lengths and the 
distribution of passages surrounding cold Zone 1101) depend 
on the volume of the cooling ?uid required per unit time and 
the ability of cooling reservoir 107 to transfer the heat in the 
cooling ?uid to the environment. If the passages are long, or 
if the volume of the cooling ?uid ?oWing through the 
passages per unit time is loW, the temperature difference 
betWeen the cooling ?uid in cooling reservoir 107 and the 
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8 
returning cooling ?uid Will be higher. Conversely, if the 
lengths of the passages are short, or if the volume of the 
cooling ?uid ?oWing through the passages per unit time is 
high, the temperature difference betWeen the cooling ?uid in 
cooling reservoir 107 and the returning cooling ?uid Will be 
lesser. The lesser temperature difference is preferred. Con 
ventional heat sinks may be provided on the outer Wall of 
cooling reservoir 107 to dissipate the excess heat. 
As described above, an optional heat reservoir 701 may be 

provided at separator structure 105. Such a heat reservoir 
minimiZes the ?uctuation of poWer output even though the 
amount of heat provided by the heat source may ?uctuate. 
Heat reservoir 701 also can retain heat and act as another 
heat source for heating up the Working ?uid after a primary 
heat source is no longer available. FIG. 7 shoWs a cross 
section vieW of heat reservoir 701, in accordance With one 
embodiment of the present invention. As shoWn in FIG. 7, 
heat reservoir 701 includes a cavity ?lled With a ?uid of high 
speci?c heat capacity, and metallic plate 702 supported by 
springs 703a and 70319. The ?uid in heat reservoir 701 may 
be pressurized, and should preferably remain liquid through 
out the entire range of operating temperatures of heat engine 
100. (Although only tWo springs are shoWn in FIG. 7, any 
number of springs may be used to support metallic plate 
702.) Metal support structures (not shoWn) may be provided 
throughout heat reservoir 701 to both support the top and 
bottom Walls of heat reservoir 701 and to conduct heat from 
hot Zone 110a. Initially, the ?uid in heat reservoir 701 is 
cold, and metallic plate 702 is not in contact With the bottom 
portion of hot Zone 11011. As heat engine 100 operates, the 
temperature of the ?uid in heat reservoir 701 rises. As a 
result, springs 703a and 703b expand to alloW metallic plate 
702 to contact the ?oor of hot Zone 11011 for greater surface 
area for heat transfer betWeen hot Zone 110a and the ?uid in 
heat reservoir 701. According to one embodiment of the 
present invention, solid state materials or mixture of differ 
ent types of materials can be used in heat reservoir 701. A 
heating mesh may also be used to facilitate heat transfer. 
The above detailed description is provided to illustrate the 

speci?c embodiments of the present invention and is not 
intended to be limiting. Numerous modi?cations and varia 
tions With in the scope of the present invention are possible. 
The present invention is set forth in the folloWing claims. 

We claim: 
1. A rotary engine, comprising: 
a housing including a chamber having, during operation, 

a ?rst Zone Which receives energy from a heat source 

and a second Zone Which is maintained at a temperature 
that is loWer than the temperature in the ?rst Zone; 

an insulator separating the ?rst Zone from the second 

Zone; 
a ?rst ?uid provided Within the chamber, the ?rst ?uid 

maintaining the same phase betWeen the ?rst Zone and 
the second Zone; and 

a set of blades Within the chamber structurally adapted 
such that, an expansion or contraction of the ?rst ?uid 
acting on the set of blades sets the set of blades into 
non-oscillating motion; 

Wherein the ?rst ?uid ?oWs inside the chamber in an 
unenclosed channel, or a discontinuous, enclosed chan 
nel. 

2. A rotary engine as in claim 1, further comprising ?uid 
guides provided Within the chamber for guiding a ?oW of the 
?rst ?uid betWeen the ?rst Zone and the second Zone. 

3. A rotary engine as in claim 1, Wherein the ?rst ?uid 
comprises a gas. 
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4. A rotary engine as in claim 1, further comprising a 
one-Way valve positioned between the ?rst Zone and the 
second Zone to prevent back-?ow of the ?rst ?uid from the 
?rst Zone to the second Zone. 

5. A rotary engine as in claim 1, Wherein a second ?uid is 
circulated during operation betWeen the second Zone and a 
?uid source external to the housing. 

6. Arotary engine as in claim 5, Wherein the motion of the 
set of blades sets the housing into rotary motion, the rotary 
engine further comprising a member attached to the housing 
adapted for rotation about the axis of the rotary motion of the 
housing. 

7. A rotary engine as in claim 6, Wherein the member has 
a threaded passage for draWing the second ?uid from the 
?uid source into the housing. 

8. Arotary engine as in claim 6, Wherein passages coupled 
to the member are provided throughout the second Zone for 
distributing the second ?uid draWn by the member. 

9. A rotary engine as in claim 8, Wherein one of the 
passages is provided as a spiral conduit in a portion of the 
insulation layer abutting the second Zone. 

10. A rotary engine as in claim 9, Wherein one of the 
passages is provided betWeen the housing and a surface of 
the second Zone of the chamber alloWing the second ?uid to 
?oW external to the housing. 

11. Arotary engine as in claim 1, further comprising a heat 
storage structure located in the vicinity of the ?rst Zone. 

12. A rotary engine as in claim 11, Wherein the heat 
storage structure comprises a conductive plate adapted for 
heat transfer betWeen the heat storage structure and the ?rst 
Zone. 

13. A rotary engine as in claim 12, Wherein the heat 
storage structure further comprises one or more springs 
loaded to urge the conductive plate into contact With the ?rst 
Zone as a result of a rise in temperature in the ?rst Zone. 

14. A method for providing a rotary engine operating from 
a temperature difference, comprising: 

providing a chamber in a housing having, during opera 
tion, a ?rst Zone Which receives energy from a heat 
source and a second Zone Which is maintained at a 

temperature that is loWer than the temperature in the 
?rst Zone; 

insulating the ?rst Zone from the second Zone; 
providing a ?rst ?uid Within the chamber; and maintain 

ing the ?rst ?uid in the same phase betWeen the ?rst 
Zone and the second Zone;and 

providing a set of blades that is structurally adapted to be 
driven into a non-oscillating motion as a result of an 
expansion or contraction of the ?rst ?uid; 

Wherein the ?rst ?uid ?oWs inside the chamber in an 
unenclosed channel or a discontinuous, enclosed chan 
nel. 

15. Amethod as in claim 14, further comprising providing 
?uid guides for guiding a ?oW of the ?rst ?uid betWeen the 
?rst Zone and the second Zone. 

16. A method as in claim 14, Wherein the ?rst ?uid 
comprises a gas. 

17. Amethod as in claim 14, further comprising providing 
a one-Way valve to prevent back-?ow of the ?rst ?uid from 
the ?rst Zone to the second Zone. 

18. A method as in claim 14, further comprising driving 
an axle into rotary motion by the rotary motion of the 
housing. 

19. A method as in claim 14, further comprising circu 
lating a second ?uid during operation betWeen the second 
Zone and a reservoir external to the housing. 
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20. Amethod as in claim 19, Wherein the motion of the set 

of blades sets the housing into a rotary motion, the method 
further comprising attaching to the housing a member Which 
rotates about an axis of the rotary motion of the housing. 

21. A method as in claim 20, further comprising providing 
a threaded passage in the member for draWing the second 
?uid into the housing. 

22. A method as in claim 20, further comprising providing 
passages throughout the second Zone to distribute 15 the 
second ?uid draWn by the member. 

23. A method as in claim 22, Wherein providing a spiral 
conduit as a passage for the second ?uid in a portion of the 
insulation layer abutting the second Zone. 

24. A method as in claim 23, further comprising providing 
a passage betWeen the housing and a surface of the second 
Zone of the chamber. 

25. A method as in claim 14, further comprising providing 
a heat storage structure located in the vicinity of the ?rst 
Zone. 

26. A method as in claim 25, further comprising providing 
a conductive plate in the heat storage structure, the conduc 
tive plate being adapted for heat transfer betWeen the heat 
storage structure and the ?rst Zone. 

27. A method as in claim 26, further comprising providing 
one or more springs Which are loaded to urge the conductive 
plate into contact With the ?rst Zone as a result of a rise in 
temperature in the ?rst Zone. 

28. A rotary engine as in claim 1, Wherein the motion of 
the set of blades rotates the ?rst ?uid. 

29. Arotary engine as in claim 1, Wherein the set of blades 
are located in the ?rst Zone. 

30. Arotary engine as in claim 1, Wherein the set of blades 
have internal conduits for ?uid to ?oW through. 

31. Arotary engine as in claim 1, Wherein the set of blades 
is located betWeen the ?rst Zone and the second Zone. 

32. A rotary engine as in claim 1, Wherein the ?rst ?uid 
moves in a rotational motion betWeen the ?rst Zone and the 
second Zone. 

33. Arotary engine as in claim 1, Wherein the set of blades 
is located in the second Zone. 

34. Arotary engine as in claim 1, Wherein the set of blades 
is coupled to the housing. 

35. A rotary engine as in claim 34, further comprising an 
axle coupled to the housing and that provides mechanical 
output poWer. 

36. A rotary engine as in claim 34, Wherein the housing 
provides mechanical output poWer. 

37. A rotary engine as in claim 5, Wherein the ?uid source 
is a reservoir. 

38. A rotary engine as in claim 1, Wherein the ?rst ?uid 
?oWs from the ?rst Zone to the second Zone over a different 
path than from the second Zone to the ?rst Zone. 

39. Arotary engine as in claim 1, Wherein the set of blades 
contains blades With asymmetric blade faces. 

40. Arotary engine as in claim 1, Wherein the set of blades 
contains impulse type blades. 

41. Arotary engine as in claim 1, Wherein the set of blades 
contains reaction type blades. 

42. Arotary engine as in claim 1, Wherein the set of blades 
accelerates the ?rst ?uid. 

43. Arotary engine as in claim 1, Wherein the set of blades 
creates torque. 

44. A rotary engine as in claim 1, Wherein the ?rst ?uid 
motion is by expansion and contraction. 

45. A rotary engine as in claim 1, Wherein the ?rst ?uid 
motion has linear velocity. 
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46. A rotary engine as in claim 1, wherein the ?rst ?uid 
motion creates pressure on the blades. 

47. A rotary engine as in claim 1, Wherein the ?rst ?uid 
path rotates about an axis betWeen the ?rst Zone and the 
second Zone. 

48. A rotary engine as in claim 42, Wherein the ?rst ?uid 
?oWs in parallel With the set of blades are parallel to the ?rst 
?uid ?oW. 

49. Arotary engine as in claim 1, Wherein the set of blades 
control a pressure in the ?rst ?uid. 

50. Arotary engine as in claim 1, Wherein the set of blades 
are coupled to an internal Wall detached from an interior Wall 
of the housing. 

51. A rotary engine as in claim 1, Wherein the ?rst set of 
blades create a torque from the motion of the ?rst ?uid. 

52. A rotary engine as in claim 1, Wherein the ?rst ?uid 
has a continuous ?uid ?oW. 

53. A rotary engine as in claim 1, Wherein the momentum 
of the ?rst ?uid at the end of an engine cycle is substantially 
utiliZed at the beginning of a next engine cycle. 

54. Arotary engine as in claim 1, Wherein the set of blades 
perform multiple functions. 

55. Arotary engine as in claim 1, Wherein the set of blades 
are coupled through a heat exchange to a heat source or a 
cooling source. 

56. Arotary engine as in claim 1, Wherein the set of blades 
increases a siZe of the heating or cooling surface. 

57. Arotary engine as in claim 1, Wherein the set of blades 
create channels for the ?rst ?uid to circulate. 

58. A rotary engine as in claim 2, Wherein the ?uid guides 
are positioned to direct the ?rst ?uid ?oW in a direction to 
the set of blades to increase the torque created by the ?rst set 
of blades. 

59. A rotary engine as in claim 1, Wherein spaces exist 
betWeen the ?rst Zone and the second Zone. 

60. Arotary engine as in claim 1, Wherein faces of the set 
of blades are bathed in the ?rst ?uid. 

61. A heat engine, comprising: 
a heat source; 
a chamber including a Working ?uid and having a ?rst 

Zone and a second Zone maintained at a temperature 

difference; 
an insulator adapted to maintain the temperature differ 

ence; and 
a heat storage device Within the chamber that receives 

heat from the heat source. 
62. A heat engine as in claim 61, Wherein the heat storage 

device includes an expansion mechanism Which expands 
When the temperature of the ?rst ?uid increases and con 
tracts When the temperature of the ?rst ?uid decreases. 

63. A heat engine as in claim 62, further comprising 
springs in the expansion mechanism to provide the expan 
sion and the contraction. 

64. A heat engine as in claim 62, Wherein the expansion 
mechanism includes a thermal coupling structure Which 
alloWs heat to transfer from the heat storage device to the 
?rst Zone up to a predetermined temperature. 

65. A heat engine as in claim 64, Wherein the thermal 
coupling structure includes a thermal conductive plate. 

66. A heat engine as in claim 61, Wherein the heat storage 
device is a heat source. 

67. A heat engine as in claim 61, Wherein the heat storage 
device includes a reservoir containing a second ?uid for heat 
storage. 

68. A heat engine as in claim 61, further comprising a set 
of ?uid guides. 
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69. A beat engine as in claim 68, Wherein the set of ?uid 

guides creates torque from a ?uid ?oW of the Working ?uid. 
70. Aheat engine as in claim 68, Wherein the ?uid guides 

are coupled through a heat exchange to the heat storage 
device. 

71. A heat engine as in claim 61, Wherein the Working 
?uid ?oWs by expansion or contraction due to the tempera 
ture difference between the ?rst Zone and the second Zone. 

72. A method for providing a heat engine, comprising: 
providing a heat source and a chamber including a Work 

ing ?uid and having a ?rst Zone and a second Zone 
maintained at a temperature difference; 

providing a ?rst thermal structure adapted to maintain the 
temperature difference; 

providing a beat storage device Within chamber that 
receives heat from the heat source. 

73. A method as in claim 72, Wherein the heat storage 
device includes an expansion mechanism such that expands 
When the temperature of the ?rst ?uid increases and con 
tracts When the temperature of the ?rst ?uid decreases. 

74. A method as in claim 73, further comprising providing 
springs in the expansion mechanism for expansion and 
contraction. 

75. A method as in claim 73, Wherein the expansion 
mechanism includes a thermal coupling structure alloWing 
heat to transfer from the heat storage device to the ?rst Zone 
at a predetermined temperature of the heat storage device. 

76. A method as in claim 72, Wherein the heat storage 
device includes a heat source. 

77. A method as in claim 72, Wherein the heat storage 
device includes a reservoir containing a second ?uid for heat 
storage. 

78. A method as in claim 72, further comprising providing 
a set of ?uid guides. 

79. Amethod as in claim 75, Wherein the thermal coupling 
structure includes a thermal conductive plate. 

80. A method as in claim 78, Wherein the set of ?uid 
guides creates torque from a ?uid ?oW of the Working ?uid. 

81. A method as in claim 78, Wherein the ?uid guides are 
coupled through a heat exchange to the heat storage device. 

82. A method as in claim 72, Wherein the Working ?uid 
?oWs by expansion or contraction from the temperature 
difference betWeen the ?rst Zone and the second Zone. 

83. A rotary engine, comprising: 
a rotational output device and a chamber including a 

Working ?uid and having a ?rst Zone and a second Zone 
maintained at a temperature difference; and 

an insulator adapted to maintain the temperature differ 
ence; 

an external ?uid source external to the chamber that 
includes an external ?uid; 

a ?oW control structure that controls a ?uid ?oW of the 
external ?uid betWeen the external ?uid source and the 
chamber, the ?uid control structure being structurally 
adapted such that a rotational motion of the rotational 
output device determines the ?uid ?oW. 

84. A rotary engine as in claim 83, Wherein the ?oW 
control structure includes threaded passages. 

85. A rotary engine as in claim 83, Wherein the ?oW 
control structure moves ?uid into the chamber. 

86. A rotary engine as in claim 83, Wherein the external 
?uid source includes a reservoir. 

87. Arotary engine as in claim 83, further comprising a set 
of ?uid guides. 

88. Arotary engine as in claim 87, Wherein the set of ?uid 
guides creates torque. 



US 7,320,218 B2 
13 

89. A rotary engine as in claim 87, wherein the set of ?uid 
guides include internal conduits that are coupled to the ?uid 
control structure and in Which the external ?uid ?oWs. 

90. A rotary engine as in claim 83, Wherein the external 
?uid is a cooling ?uid. 

91. A rotary engine as in claim 83, Wherein the rotational 
output device includes Walls of the chamber. 

92. Arotary engine as in claim 83, further comprising a set 
of passages in the ?rst Zone coupled to the ?oW control 
structure, Wherein the external ?uid ?oWs through the set of 
passages. 

93. A rotary engine as in claim 92, further comprising a 
second set of conduits coupled to the set of passages that 
alloW the external ?uid to ?oW external to the chamber. 

94. A rotary engine as in claim 93, Wherein the second set 
of conduits alloW the external ?uid to ?oW betWeen the 
chamber and the external ?uid source. 

95. A rotary engine as in claim 94, Wherein the external 
?uid ?oWs outWard from the chamber through the second set 
of conduits. 

96. A method for providing a rotary engine, comprising: 
providing a rotational output device and a chamber 

including a Working ?uid and having a ?rst Zone and a 
second Zone maintained at a temperature di?‘erence; 
and 

providing an insulator adapted to maintain the tempera 
ture di?‘erence; 

providing an external ?uid source external to the chamber 
that includes an external ?uid; 

providing a ?oW control structure that controls the ?uid 
?oW of the external ?uid betWeen the external ?uid 
source and the chamber, the ?oW control structure 
being structurally adapted such that a rotating speed of 
the rotational output device determines the ?uid ?oW. 

97. A method as in claim 96, Wherein the ?oW control 
structure includes threaded passages. 

98. A method as in claim 96, Wherein the ?oW control 
structure moves ?uid into the chamber. 
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99. A method as in claim 96, Wherein the external ?uid 

source includes a reservoir. 

100. A method as in claim 96, further comprising provid 
ing a set of ?uid guides. 

101. A method as in claim 100, Wherein the set of ?uid 
guides creates torque. 

102. A method as in claim 100, Wherein the set of ?uid 
guides includes internal conduits coupled to the ?uid control 
structure and in Which the external ?uid ?oWs. 

103. A method as in claim 96, Wherein the external ?uid 
includes a cooling ?uid. 

104. A method as in claim 96, Wherein the rotational 
output device includes Walls of the chamber. 

105. A method as in claim 96, further comprising provid 
ing a set of passages in the ?rst Zone coupled to the ?oW 
control structure and in Which the external ?uid ?oWs. 

106. A method as in claim 105, further comprising pro 
viding a second set of conduits coupled to the ?rst set of 
passages that alloW the external ?uid to ?oW external to the 
chamber. 

107. Amethod as in claim 106, Wherein the second set of 
conduits alloW the external ?uid to ?oW betWeen the cham 
ber and the external ?uid source. 

108. A method as in claim 107, Wherein the external ?uid 
?oWs outWard from the chamber through the second set of 
conduits. 

109. A method as in claim 14, Wherein the set of blades 
are provided in one or more of the folloWing locations: the 
?rst Zone, the second Zone and betWeen the ?rst Zone and the 
second Zone. 

110. A method as in claim 14, Wherein the set of blades are 
coupled to the housing. 

111. A method as in claim 110, Wherein the housing 
provides mechanical output poWer. 


